In this cross-sectional study, we analyzed the relationship between resilience, cardiorespiratory fitness, and mental health-related quality of life, and examined whether resilience acts as a mediator between the latter two. The study included 770 university students, aged 18-30 years, from Cuenca, Spain. Anthropometric, sociodemographic, cardiorespiratory fitness (20 m shuttle run test), biochemical parameters, resilience, and mental health-related quality of life measurements were analyzed. The results showed that mental health-related quality-of-life values were significantly higher in students who had good cardiorespiratory fitness and a high level of resilience. Moreover, resilience acted as a partial mediator between cardiorespiratory fitness and mental health-related quality of life at 33.79%. Therefore, in young adults, resilience mediates the relationship between cardiorespiratory fitness and mental health-related quality of life. These findings should be taken into account by nurses and other public health professionals, because in addition to the development of physical activity interventions to improve mental health-related quality of life, it is necessary to implement measures that increase resilience to achieve mental wellness.
INTRODUCTION
Interest in health-related quality of life (HRQoL) as a health outcome has grown in recent years, yet HRQoL in older adolescents and young adults has been less studied than in other age groups (Raty et al., 2003) .
HRQoL is a multidimensional construct that includes physical, social, mental, emotional, and behavioral components of well-being perceived by individuals (Ravens-Sieberer & Bullinger, 1998; Ravens-Sieberer et al., 2001) . Several studies on the dimensions of health-measuring instruments have been carried out, and the existence of two health summaries has been confirmed (Bergner et al., 1981; Stewart et al., 1994) : the physical component summary (PCS) and the mental component summary (MCS) .
Mental health is defined as a state of well-being that enables an individual to appreciate his or her own potential, to cope with life situations, to work productively, and to make contributions to life and the community (World Health Organization, 2013) . Mental health is influenced by psychological domains, such as perception of social support, self-conception, and self-esteem (Thoits, 2013) , which are important attributes of resilience (MacMurray et al., 2008) . Resilience is a multidimensional and dynamic construct referring to successful adaptation capacity, even in difficult circumstances. It is also defined as the ability to maintain mental health, despite negative situations (Herrman et al., 2011) .
Traditionally both resilience and mental HRQoL have been studied in individuals with chronic medical pathologies (Betancourt et al., 2013) or negative developmental conditions (Panter-Brick et al., 2015) , demonstrating a very close relationship. In fact, high levels of resilience have been associated with better mental health conditions (Haddadi & Besharat, 2010) and fewer psychiatric symptoms (Campbell-Sills et al., 2006; Haddadi & Besharat, 2010) . However, few studies have examined the importance of daily stressors in mental health and how people respond to daily events, which might show different results concerning the relationship between mental health and resilience in healthy people ( Nevertheless, the positive relationship between cardiorespiratory fitness (CRF) and mental HRQoL has been extensively studied in people with specific chronic medical conditions (Vancampfort et al., 2015) and in the general population (Sloan et al., 2009) . Also in different age groups, such as children and adolescents (Ortega et al., 2008) , adults (Imayama et al., 2013) , and older individuals (Cheng et al., 2009) .
In addition, stress-related health problems and chronic disease are less frequently observed in active people (Gerber & Puhse, 2009; Silverman & Deuster, 2014) . Moreover, it has been observed that higher physical fitness achieved through physical activity can confer resilience (Deuster & Silverman, 2013; Silverman & Deuster, 2014) . This relationship could be explained by the fact that physical activity protects against stress and stress-related disorders and chronic diseases, provides better neuroendocrine and physiological responses to stress, is beneficial for an anti-inflammatory state, and improves neuroplasticity and levels of neurotrophic factors (Fragala et al., 2011; Silverman & Deuster, 2014) .
For these reasons, the aims of this study were to analyze the relationship between CRF, resilience, and mental HRQoL to test whether resilience is a mediating variable in relationship in university students. This population is very susceptible to suffering changes in physical and mental health due to the life change that a transition to university involves.
METHODS

Study design and population
This was a cross-sectional, observational study designed to assess correlations between CRF and HRQoL in university students.
The sample size was calculated with StatsDirect statistical software 2.6.2 (StatsDirect Ltd, Altrincham, Cheshire, UK). Assuming a prevalence of 25% excess weight, with a confidence level of 95% and a precision of 4%, and a non-response rate of 10%, a sample size of 496 students was required.
A total of 770 first-year university students, aged 18-30 years, from the University Campus of Cuenca, Spain, were invited to participate. Of these, a total of 683 (504 women) agreed to participate. For the study analyses, we included only students who had valid data for all variables (anthropometrics, fitness, HRQoL, and resilience), thus this study sample included 384 (266 women) university students (49.9% final response rate). This sex distribution was similar to that of the whole university campus population. The baseline measurements for this study were conducted during the 2009-2010 academic year.
The project was supported by the vice chancellors and deans of the various faculties. The investigators visited each faculty to provide information on the study objectives and methods. All students were asked to sign informed consent to participate in the study after receiving an information sheet explaining the study's objectives and processes. Prior to the start of the investigation, the study protocol was approved by the Clinical Research Ethics Committee of the Hospital Virgen de la Luz of Cuenca, Cuenca, Spain, AN/2008/31; and RD06/0018/0038.
Anthropometric measurements
The variables were measured using standardized conditions by trained researchers and nurses. The students, in light clothing and barefoot, were weighed twice using an approved easycalibration scale (Seca 770, Vogel & Halke, Hamburg, Germany). They were then measured twice using a wall stadiometer (Seca 222, Vogel & Halke, Hamburg, Germany), standing straight against the wall and with their chin parallel to the ground. Body mass index (BMI) was calculated using the mean of weight and height, as weight in kilograms divided by height in meters squared (kg/m 2 ).
CRF
CRF was evaluated using the Course-Navette test (20 m shuttle run test), which is a valid and reliable test to measure maximal aerobic capacity in young people (Ruiz et al., 2011) . In this test, students were required to run between two lines 20 m apart, while keeping pace with audio signals emitted from a prerecorded compact disc, beginning at an 8 km/h rate and increasing the frequency at 0.5 km/h/min. Students were encouraged to keep running as long as possible throughout the course of the test. CRF was defined as the last half-stage completed.
Resilience
To evaluate resilience, the Spanish version (Notario-Pacheco et al., 2011) of the 10-item Connor-Davidson Resilience Scale (CD-RISC) (Campbell-Sills & Stein, 2007) was used. This is a questionnaire with five Likert-type additive scale response options (0 = never, 4 = almost always). The total score was the sum of the punctuation for each item (range: 0-40), and the highest scores indicated highest level of resilience.
Mental HRQoL
The Spanish version (Alonso et al., 1998) of the Short Form-12 (SF-12) Quality of Life Questionnaire (Ware et al., 1996) was used to evaluate the students' MCS of the HRQoL. This questionnaire includes 12 items, from which the PCS and MCS of the SF-12 questionnaire are generated. Although higher scores of the MCS correspond with higher mental HRQoL, there are also population cut-offs by age and sex for the summary score interpretation of the SF-12 questionnaire for the Spanish population (Vilagut et al., 2008) .
Questionnaire administration strategy
Both questionnaires (CD-RISC and SF-12) are self-reported. Three investigators approached the students who were convened for classroom meetings in the respective faculties. First, the study objectives and procedures were explained, and then instructions for completing the questionnaires were provided to the students. Those who wanted to participate signed the informed consent and were given the questionnaires to complete. While the students completed the questionnaires, three investigators were in the classroom to avoid contamination between the responses of each student.
Statistical analysis
Before the analysis, the distribution of the continuous variables was checked for normality through both statistical and graphical methods. Partial correlation coefficients were calculated to assess the association between MCS, CRF, and resilience, controlling for age.
CRF was categorized as poor (first quartile), medium (second and third quartiles), and good (fourth quartile). The total score of the CD-RISC was categorized as different levels of resilience: low (first quartile), moderate (second and third quartiles), and high (fourth quartile). Both categorizations were performed as in previous studies (Notario-Pacheco et al., 2011; Morales et al., 2013) .
The mean differences in mental health by resilience and CRF categories were calculated using analysis of covariance models. In model 1, age and sex were used as covariates, and categories of resilience or CRF were used as fixed factors. In model 2, age, sex, and CRF or CD-RISC scores were used as covariates, depending on the fixed factor. Pairwise post-hoc hypotheses were tested using the Bonferroni correction for multiple comparisons.
We carried out a mediation analysis to test whether the association between CRF and mental HRQoL was mediated by resilience, using the PROCESS macro for SPSS (SPSS, Chicago, IL, USA). For this analysis, two strategies were used: (i) non-parametric, as recommended by Preacher and Hayes (2008) , using a resample procedure of 10,000 bootstrap samples; and (ii) parametric, using the classical Baron and Kenny (1986) steps regression method. To test the statistical significance of the mediation effect in the parametric approach, the Sobel test was used (Sobel, 1982) .
Statistical analyses were performed with SPSS-IBM (version 22; SPSS, USA), and the level of significance was set at P ≤ 0.05.
RESULTS
Descriptive characteristics of the participants are shown in Table 1 . Men had significantly higher values in all variables, except age (P < 0.05).
No differences in age, sex, and anthropometric variables were found between students who had valid data and those who did not (data not shown). The partial correlations between resilience, CRF, and mental HRQoL, controlling for age, are shown in Table 2 . Resilience was positively and significantly associated with mental HRQoL and with CRF (P < 0.001). Mental HRQoL also showed a positive, significant correlation with CRF (P < 0.05).
Mean differences in mental HRQoL by resilience and CRF categories are shown in Table 3 . Students with higher levels of resilience obtained significantly higher scores in the MCS of the HRQoL, after controlling for all confounders (P < 0.001). The mean differences in CRF also improved significantly to increase resilience levels, after controlling for age and sex (P < 0.001). Students who had good CRF had higher scores in the MCS of the HRQoL (P = 0.003) and higher scores in the CD-RISC (P = 0.010) than their peers with poor or medium CRF, after controlling for age and sex (model 1). Moreover, after controlling for age, sex, and resilience (model 2), higher scores for the MCS of HRQoL were associated with higher levels of CRF (P < 0.047).
Mediation analysis
We carried out a mediation analysis to test whether resilience acted as a mediator variable between mental HRQoL (dependent variable) and CRF (independent variable) ( Fig. 1) .
In the first regression equation, the relationship between CRF and resilience was positive (ß = 0.544, P = 0.014). In the second equation, CRF was also positively associated with mental HRQoL (ß = 0.762, P = 0.004). Finally, in the third equation, when resilience and CRF were simultaneously included in the model, resilience was positively associated with mental HRQoL (ß = 0.473, P ≤ 0.001) and with CRF (ß = 0.505, P = 0.042), although losing some of its statistical significance. These results suggest that resilience acts as a partial mediator in the relationship between CRF and mental HRQoL. The Sobel test for mediation estimated that the percentage of total effect mediated by resilience was 33.79% (Z = 2.347, P = 0.018).
DISCUSSION
This study is, to our knowledge, the first to analyze the role of resilience in the relationship between CRF and mental HRQoL in young adults using a mediation analysis. Our results showed that university students with good CRF obtained higher values in resilience and in mental HRQoL than their peers with poorer CRF. Higher levels of resilience were associated with better mental HRQoL. Further, resilience acts as a partial mediator in the relationship between CRF and mental HRQoL in young adults. As in previous studies (Pinquart, 2009; Bahremand et al., 2015) , our results showed that higher levels of resilience are associated with higher levels of mental HRQoL. The relationship between resilience and mental health is very close. In fact, some variations in the promoter of the serotonin transporter gene have been related to both resilience and mental health, as well as illnesses, such as neuroticism and depression (Uher & McGuffin, 2008; Stein et al., 2009) .
With regard to the relationship between resilience and CRF, in accordance with other studies, our results confirmed the existence of a positive association between resilience and CRF (Deuster & Silverman, 2013; Silverman & Deuster, 2014) . In addition to the positive physiological and psychological benefits that exercise produces, the relationship between resilience and CRF could be explained by two essential attributes of resilience: self-esteem and self-efficacy (MacMurray et al., 2008) , which have been shown improve with regular physical activity (Ekeland et al., 2004; Netz et al., 2005) .
In addition, our study found a positive association between CRF and the MCS of HRQoL. There are several studies that support this relationship (Hakkinen et al., 2010; Riiser et al., 2014) . Of these, a systematic review concluded that there is consistent evidence of the association between high levels of physical activity or physical fitness (defining the latter as an indirect indicator of physical activity level, and a biologic phenotype affected by both physical activity and genetics) and better scores in various dimensions of HRQoL, including the mental dimension, in the general adult population (Bize et al., 2007) .
However, the main purpose of this study was to examine the relationship between CRF, mental HRQoL, and resilience, and 6.18 ± 0.11 6.04 ± 0.15 how resilience acts as a partial mediating step between CRF and mental HRQoL. A similar study found that selfdetermined motivation, but not body image, is a mediator variable in the relationship between fitness and HRQoL in overweight adolescents (Riiser et al., 2014) . The positive effect of CRF on the mental component of HRQoL is partly explained by the influence that fitness has on resilience. Thus, this study's findings have implications for practice, as physical activity interventions might be useful strategies for improving specific aspects of resilience, such as self-esteem, self-efficacy perception, or intrinsic motivation. Therefore, these findings contribute to the knowledge base on improving the mental component of HRQoL in university students, who are a special population due to lifestyle changes as a result of the transition from school to college (Lovell et al., 2014) .
Nevertheless, these results should be interpreted with caution due to the limitations of this study. First, this is a cross-sectional study, and therefore, causality cannot be established between CRF, resilience, and mental HRQoL. Second, the sample included only university students, thus it is not a representative population sample, and our results cannot be extrapolated to the general population. Finally, our analyses were not adjusted for socioeconomic level, and this could be a confounding variable. Further research with other population-based samples, additional variables, and a longitudinal study design would help to elucidate the relationship between CRF, resilience, and mental HRQoL.
Despite these limitations, a strength of this study was the statistical mediation analysis, which clarifies the important role of resilience in CRF and mental HRQoL.
CONCLUSIONS
Our data revealed that good CRF was associated with higher levels of mental HRQoL, especially when accompanied by higher levels of resilience. The results of this study also showed that resilience mediates the relationship between CRF and mental HRQoL in university students.
These findings should be taken into account by public health professionals because, in addition to the development of physical activity interventions to improve physical fitness, interventions are needed that increase resilience to achieve physical and psychosocial wellness.
